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REARRANGEMENT 0? ALKYL AMINES 
INTRODUCTION.
I<7
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In 1871 A. W. Hofman heated aniline hydrochloride and 
methyl alcohol in a closed tube at a high temperature and suc­
ceeded in obtaining monomethyl aniline, dimethyl aniline and 
other amines with the methyl group in the benzene nucleus.
This experiment was an interesting one hut many questions which 
might he asked concerning it were left unanswered hy Hofman. 
Among some of these questions the following may he mentioned:
Is this reaction an inter or intra-molecular one? Are there 
any side-products of the reaction and, if so, what are they?
At what stage of the operation does the rearrangement take place 
Will a similar rearrangement take place with propyl alcohol?
The whole problem is one which will take years of work 
to solve as it involves the study of the rearrangement itself, 
the working out of a method for the quantitative separation of 
the various primary, secondary ana tertiary amines which are 
formed; a study of all the possible compounds resulting from 
such a rearrangement; and, if the benzene sulphonyl chloride 
method of separation proves to be successful, the preparation of 
the benzene sulphonyl derivatives of each of these amines and 
their characterization.
The problem is also interesting from a commercial stand­
point as this reaction is already being put to good use in the 
dye industry.
2HISTORICAL.
In 1871 A. W. Hofman (1) succeeded in obtaining dimethyl 
and monomethyl aniline and in addition thereto the replacement of 
every hydrogen in the benzene ring save one -with the methyl group 
by simply heating aniline hydrochloride with methyl alcohol in a 
closed tube at a high temperature. His method was as follows:
Ten kilograms of crystallized aniline hydrochloride were 
heated for 8-10 hours with six kilograms of methyl alcohol at a 
temperature of 280°- 300°. Strong sodium hydroxide was then added 
to the product and the basic oil was distilled off with steam.
The final product gave no tests for aniline but did appear to con­
tain methyl and dimethyl aniline and higher boiling products.
These amines were all changed over into the hydrochloride again 
and heated anew with excess of methyl alcohol for 12 hours at 300°. 
Attempts were made to separate the product into its components by 
fractionation but without sucoess. The presence of dimethyl 
aniline, dimethyl toluidine, dimethyl xylidine and dimethyl 
cumidine was proven by treatment of the different fractions with 
methyl iodide, thus forming the quaternary compound; the corres­
ponding chloride was obtained by use of silver chloride, and 
finally the platinum salts were formed. Analyses were made of 
the platinum salts, also of the iodine compound, and in some cases 
determinations of carbon, hydrogen and nitrogen were run. All of 
these analyses gave results which checked with the theoretical 
values of the compounds mentioned above. Hofman believed that in 
this reaction the nitrogen was first methylated and than then the 
benzene ring was attacked, the methyl group taking the place of the 
various hydrogen atoms by shifting from the nitrogen to the ring
carbon atoms. He says that there is no doubt but that methyl 
chloride is formed and that it is the active agent in the reaction.
In 187S Hofman (2) found that the quaternary compound, tri- 
methylphenyl ammonium iodide, can exist for a long time at a 
temperature of 200° without decomposition but, if heated to 220°- 
230° for 24 hours, a change is noticeable; and when the temperature 
is raised to 325 (boiling point of lead), the decomposition is 
complete. These changes are characterized by physical differences 
'in the products.
In Hofman's experiments one mole of methyl iodide was 
added to one mole of pure dimethyl aniline in a hard glass tube and 
the mixture was heated to 220°- 230°. The products were dimethyl 
toluidine and small quantities of methyl and dimethyl xylidine.
The existence of these compounds were proven as before by the 
analyses of their platinum salts.
A similar mixture was heated to 325°. Qualitative tests 
proved the presence of a primary amine and fractionation and 
analyses showed the primary amine to be curaidine.
In another article (3) Hofman states that it is possible to 
go from methyl aniline over into toluidine by a similar method.
In 1874 Hofman (4) stated that when aniline hydrochloride 
is heated with ethyl alcohol or amyl alcohol, the ethyl or amyl 
group will rearrange into the benzene ring. However, no re­
arrangement of phenyl group into the ring takas place when phenyl 
aniline hydrochloride is heated nor does rearrangement occur in 
the aliphatic series.
4THEORETICAL
Derick and Bornmann (5) showed that diacyl amines will re­
arrange when heated, the change being from a compound of high 
ionization constant to a compound with a lower constant.
It was hoped to show that a similar rearrangement to that 
performed by Hofman occurs with propyl alcohol and also that it 
does not take place until the quaternary compound 
is formed. One reason for this theory is that the ionization 
constant of the quaternary compound is considerably higher than 
those of the rearranged products and hence the tendency would be 
towards rearrangement, viz., the going over from a less stable 
compound to a more stable one, the ionization constant being a 
criterion of stability (6). Moreover, the ionization constants 
of the primary, secondary and tertiary amines differ but slightly 
from those of the rearranged products, and therefore they will be 
comparatively stable.
EZPERI&EUTAX.
Introduction.
Since the accomplishment of this investigation necessi­
tates a careful quantitative study of the preparation of amino- 
propylbenzenes by the Hofman reaction, an accurate quantitative 
method for the determination and the separation of the products 
is absolutely essential. The method chosen was that of the 
formation of the benzene sulphonyl derivatives (7). But no 
literature exists concerning the properties of the benzene 
sulphonyl derivatives of propylamino-or aminopropylbenzenes.
5The first step in this investigation was the preparation of such 
derivatives from the amines. It seemed best to make the ortho and 
para-aminopropylbenzenes from the corresponding nitropropylbenzenes 
since the latter could be prepared by the direct nitration of 
propylbenzene. Propylbenzene could easily be obtained by the Fit tig 
synthesis from brombenzene and propyl bromide.
Propylbenzene.
General
There are two general methods for introducing an alkyl 
group into the benzene ring, viz., the Friedel-Craft's reaction and 
Fittig's synthesis.
The theory of the Friedel-Craft's reaction is still in 
dispute. One explanation is that the aluminium chloride forms the 
compound CgHpAlClg with benzene and that this reacts with the alkyl 
halide, aluminium chloride being regenerated, the alkyl group going 
into the ring and copious quantities of hydrochloric acid being 
formed. The yields are frequently unsatisfactory. Better yields 
are obtained with homologues of benzene than with benzene itself. 
Poor yields are obtained very often due to the fact that the action 
of the aluminium chloride on undiluted substances is too violent 
and leads to the formation of resins. Carbon disulphide or chloro­
form is therefore used to dilute the substances; they insure 
quicker action, keep the temperature at 50°, which appears to be 
favorable, and they also moderate the violent action of water on 
the products and prevent the formation of resins.
The above method is not as satisfactory as the Fit tig
synthesis in which the alkyl group is substituted for the halogen 
in the benzene ring by the tise of sodium. Comparing the Fittig
6synthesis with the Friedel-Craft's reaction, the former is less 
violent if it is not heated; there is less chance of rearrangement, 
hut there is more danger due to the sodium. The sodium is either 
used in the form of thin slices or as sodium wire. Gattermann (8) 
gives the yield as 61$ of the theoretical.
fropylbromide. CHgCHgCHgBr (B.p. 70.82°)
This was made by pouring 100 g. of phosphorus tribromide in 
small portions thru a reflux condenser upon 82 cc. of propyl alcohol 
and heating the mixture for one hour on a water bath. The reaction 
proceeded vigorously. The produot, a heavy yellow liquid, was 
washed with water, dried over calcium chloride and then fractionated 
- by heating over a water bath. This method was later modified by 
reversing the operation, viz., pouring the propyl alcohol in small 
portions upon the phosphorus tribromide as this was found to reduce 
the violence of the reaction. It was also learned that safety to 
the experimenter was only insured when the flask was shaken after 
each addition in order to thoroughly mix the two layers. The 
percentage yields were 41$, 39.3$, 45.9$ and 45.9$.
Another method consisted in taking propyl alcohol (9) and 
hydrobromic acid (Sp. G. 1.49) and gently heating them under a re­
flux condenser for a period of three to four hours. The proportions 
used were as follows: one part by weight of alcohol to approximately 
five parts of the acid. The propyl bromide separated out as a 
yellow liquid, forming the upper layer in the flask. This was dis­
tilled off from the dilute hydrobromic acid, dried over calcium 
chloride, and the resulting product was fractionated. This method 
was fairly satisfactory but great care had to be taken to prevent 
loss from evaporation or imperfect condensation. Yields: 35$, 41$
750fo and 43$. The dilute hydrobromic acid was added t o strong 
hydrobromic acid (Sp. G. 1.49) and the resulting mixture was used 
in treating more propyl alcohol.
Still another method is represented by the equation 
3C3H7OH + 3Br + P * 3C3H 7Br + P (OH)3 
Ten grams of red phosphorus and 80 g. of propyl alcohol 
were put in a 150 oc. distilling flask and 90 g. of bromine were 
allowed to drop in slowly (10). The mixture was shaken from time 
to time and the propyl bromide was distilled off by heating over a 
water bath. The distillate was treated with a dilute solution 
of sodium hydroxide to free it from bromine; washed with water 
several times; dried over calcium chloride; filtered and distilled. 
Yields, 54$, 35$ and 45.2$.
Propyl iodide. CH3CHgCH2I (B.p. 102.2°).
This method is similar to the one given in the preceding 
paragraph for propyl bromide. The proportions used were those 
recommended by loyes (11) in a similar experiment. Fifty-four 
grams of propyl alcohol were added to 9 g. of red phosphorus in a 
distilling bulb and 75 g. of iodine were then added in small 
portions. Contrary to expectations the reaotion proceeded very 
slowly and instead of having to cool down the temperature, it was 
neoessary to apply heat. This may have been due to the presenoe 
of the propyl group. The resulting propyl iodide was distilled 
off, washed with water and sodium hydroxide to free it from 
iodine, dried over calcium chloride and redistilled. The product 
was 59 g. of propyl iodide, boiling between 101° and 102°. Yield, 
23$.
8Propylbenzene by the Friedel-Craft*s Reaction, CgHgCHgCHgCHg 
C6H6 +AlCl3+C3H7Br = C6H5C3H7+A1C13 + HBr 
Fifty-six grams of propyl bromide and 15 g. of benzene were 
placed in a flask with a reflux condenser. Aluminium chloride was 
added in small portions thru the condenser until 5-5 grams had been 
used. The flask was shaken after each addition but even then it 
was three or four minutes before the reaction began. A large 
amount of hydrobromic acid and hydrochloric acid escaped thru the 
top of the condenser. Toward the end of the reaction heat was ap­
plied and two layers formed, theupper layer being yellow and the 
lower red. The contents of the flask were poured into water where­
upon decomposition took place. The upper brownish-yellow layer 
was separated from the rest of the liquid, dried over calcium 
chloride, filtered thru a filter paper wet with benzene, and then 
fractionated. After two fractionations it was evident that the 
propylbenzene obtained ?;as going to be such a small quantity that 
it was not worth while to go further. It was found later than an 
error had been made in calculating the proportions. According to 
Gustavs on (12) the proportion should be 5 parts by volume of 
benzene to 2 parts of the alkyl halide. Another reason for the 
poor yield was that no carbon disulphide or chloroform had been 
used to slow up the reaction. This method of synthesis was now 
abandoned and that of Fittig tried.
Propylbenzene by the Fittig synthesis. C6H5CH2CH2CH3 (B.p. 157° 
C6H6Br+ C3H7Brf 2Ua * C6H5C3H7+2iraBr 
Quantities used: 27 g. of sodium; 100 cc. of ether; 60g. 
of brombenzene; 55 g. of propyl bromide. The ether was allowed to 
stand over sodium for several days and was thus obtained free from
9water and alcohol. All the sodium used was run thru the sodium 
press. The sodium and ether were placed in a 500 cc. round bottom 
flask and a long reflux condenser used. The brombenzene and propyl 
bromide were added thru the reflux condenser. The reaction begins 
in a short time. The temperature of the mixture rises to its boil­
ing point and a steady stream of condensed vapor falls back into 
the flask. This continues for several hours when it ceases.
Usually the flask is allowed to remain untouched for at least 24 
hours. By that time there is no liquid visible but instead a 
bluish mass — in part a powder. The flask is placed over a water 
bath for several hours to drive off the ether and then heated 
directly by a luminous flame, using an air condenser (the boiling 
point of propyl benzene is 157°). The distillate is a yellow 
liquid which has to be fractionated. Variations in the time of 
reaction were made but no appreciable difference in yields was 
noticed. Larger quantities of materials were also used but the 
reaction proved to be too violent and considerable loss was ex­
perienced each time due to difficulty in controlling the experiment. 
Yields, 52.4$, 34.7$, 38.3$, 58$, 60$ and 55$.
Uitropropylbenzene.
General.
In looking up the literature for nitropropylbenzene it was 
a matter of considerable surprise to discover that this comparative­
ly simple compound haa never been prepared.
Konowalow (15) made -^nitropropylbenzene 
mixing 4 cc. of propylbenzene with 25 cc. of nitric acid (Sp. G. 
1.075) and keeping the mixture at a temperature of 105°- 108° for 
7 hours. Its boiling point is 141* under 25 mm. pressure. Under
10
atmospheric pressure it boils at 245*- 246° with partial decomposi­
tion.
Hitroethylbenzene has been made by Beilstein and Kuhlberg (14) 
and there was no reason to doubt that nitropropylbenzene 
prepared similarly.
Method.
Equal volumes of fuming nitric acid (Sp. G. 1.516) and propyl- 
benzene were used, this being four times the theoretical amount of 
the acid required. The acid was added in small portions to the 
propylbenzene and the temperature kept down by immersing the flask 
in an ice bath. Brown fumes were given off and intense heat was 
generated. The end of the reaction was denoted by the cessation 
of the crackling noise when the acid was added. The final product 
was a cherry-red liquid. This was poured into water and formed 
red globules on the bottom of the beaker. An aqueous solution of 
sodium carbonate was added until it was alkaline (pretty hard to 
tell) and this changed the red globules into a yellow emulsion which 
rolled up into balls -upon shaking. The emulsion was extracted v^ith 
ether, the ether driven off and the nitropropylbenzene dried over 
calcium chloride. In order to obtain the largest possible yield 
of nitropropylbenzene, "salting out" was resorted to and the calcium 
chloride was also extracted with ether.
Separation of ortho and para-nitropropylbenzene.
An attempt was made to distill the product under atmos­
pheric pressure but decomposition took place and a considerable 
quantity was lost by being charred in the flask. The only feasible 
method was distillation under reduced pressure and fractionation 
after fractionation was made in order to obtain a pure product. It 
was not until 161g rams of crude nitropropylbenzene had been pre­
be
pared and fractionated that any results at all -were obtained.
The main object in distilling under reduced pressure is 
the absolute control of all conditions, viz., temperature, 
pressure, rate of distillation, etc. In order to insure even 
heating a Wood's metal bath was used, the flame being protected 
from atmospheric disturbances by a tile. Even then it was found 
that the gas pressure varied enough to make absolute control very 
difficult. A Claisen distilling bulb was used and a small stream 
of air admitted to prevent bumping. Two kinds of receivers were 
tried, viz., Raikow's and Bruhl's. The latter proved to be more 
satisfactory. A manometer and a pressure flask to protect the 
manometer made up the apparatus.
The distillate was a pale yellow liquid which deepened in 
color upon standing in the light. It was kept in the dark as 
much as possible to prevent decomposition.
The results of the fractional distillation are shown in 
Tables A, B, C, I) and E.
Properties of ortho-nitropropylbenzene.
Fraction 2(b) was selected as representative of the ortho­
compound and its boiling point was determined by Siwoloboff*s 
method (15). The results obtained were not very satisfactory. 
Although the test tube was not immersed in the bath until the 
temperature was above the boiling point of the nitropropylbenzene, 
nevertheless it showed signs of partial decomposition before a 
reading could be taken and by the time a second reading was 
secured the color was very dark indeed. It ??as very seldom that 
more than two readings were secured on a given sample. The fol­
lowing results (uncorrected) were obtained: 242®, 240®- 241®,
12
242.6°(first readings); 242.5°, (second reading); 240°-241° ,
240°-241“ (third readings).
Onoe more considering fraction 2(b) as representative of
the ortho compound,its index of refraction was determined by an
Abb£ refractometer, using white light and correcting for dis­
C p
persion. An average reading of (I) * =.1.5316 was obtained by
approaching it from both sides and changing the dispersion after 
each reading. The average reading for dispersion was 32.1. The 
index of refraction and dispersion of the other fractions were 
obtained in a similar manner. (See Table F.)
The amount of nitrogen in fraction 2(b) was ascertained by 
the Dumas method.
Theoretical. Experimental.
8.48$ 8.91$
Properties of para-nitropropylbenzene.
Fractions 2(d) and 3(d) were selected as representative 
of the para compound. By Siwoloboff’s method the following 
boiling points were obtained:
For 2(d) -- 250.2°, 252.3° (first readings); 250.3°, 251.4° 
(second readings).
For 3(d) —  251.8°(first reading); 251.3°, 251.9°(second 
readings).
The same difficulties in determining the boiling point were 
met here as were experienced with the ortho compound.
The indices of refraction of these two fractions (as given 
by the Abbe refractometer at 22.7° ) were 1.5365 and 1.5370 re­
spectively, while the dispersion readings were 30.6 and 30.8.
13
The specific gravity of para-nitropropylbenzene was found 
to be 1.1018 at 26.5°. This was determined with a Westphal 
balance.
The Dumas method for nitrogen gave the following results: 
Theoretical. Experimental.
8.48$ 8.90$
C03SCXUSI0HS.
It is a general rule in chemistry that a group will enter 
the benzene ring ortho and para to a methyl, ethyl or propyl group; 
also that the ortho oompound is the lower boiling of the two sub­
stances. It is upon these general laws that our conclusions in 
regard to the nature of the products of the nitration of propyl- 
benzene are based.
Upon examination of Table A it will be seen that there was 
a sharp break in the distillation between fractions 4 and 5 and 
it may therefore be concluded that fraction 5 is para-nitropropyl­
benzene while the other fractions are mainly ortho-nitropropyl- 
benzene. This view is confirmed by the boiling point of fraction 
5 when it was refractionated and also by its index of refraction 
and dispersion reading.
Although it oannot be stated positively that the products 
obtained were ortho- and para-nitropropylbenzene since time did 
not permit the preparation of the ortho- and para-propylphenol 
through the diazonium reaction (these compounds being known) (16) 
(17), yet it seems safe to say, relying upon the general rule 
stated above and also upon experimental data,that ortho- and para- 
nitropropylbenzene were obtained in a fairly pure state.
14
From the indices of refraction, the dispersion readings,and 
the boiling points it was concluded that fractions 3(a), 4(a), 1(h), 
2(h), and 1(c) were ortho-nitropropylbenzene; that 3(h) and 2(c) 
were a mixture of the ortho and para compound; that 4(h), 5(h),
3(c), 4(c), 2(d), 3(d), 4(d) and 5(d) were para-nitropropylbenzene.
The boiling point of ortho-nitropropylbenzene lies between 
240°-242.6® under a pressure of 745.5 mm.
The boiling point of para-nitropropylbenzene lies between 
250.2*- 252.3* under a pressure of 739.8 mm.
The index of refraction of ortho-nitropropylbenzene lies 
between 1.5310 and 1.5330 at 22.5°.
The index of refraction of para-nitropropylbenzene lies 
between 1.5360 and 1.5380 at 22.5°.
The dispersion reading for ortho-nitropropylbenzene lies 
between 31.8 and 32.5.
The dispersion reading for para-nitropropylbenzene lies 
between 30.5 and 31.1.
The specific gravity of para-nitropropylbenzene is 1.1018 
at 26.5°.
-oOo-
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Table A.
First Fractional Distillation.
Time Fraction Yield _ • Pressure Outside Inside Remarks.
Ho. Temp. Temp.
10:16 19 mm. 143.0° 131.0° First drop came over
10:18 ft 143.0° 132.0° Rate-8 drops in 30 sec.
10:20 tf 143.7° 133.3° n « w « t»
10:24 1 14 cc " 143.8° 134.0° Yellow distillate.
10:25 143.9* 134.3*
10:31 ri 145.0° 135.2°
10:34 f? 145.2° 135.7' Rate-7 drops in 30 sec.
10:39 ft 147.0° 137.0°
10:41 ft 148.2° 137.3' tf gg rt tt ft tf
10:43 IT 148.0° 137.5’ Yellow distillate
10:45 2 29 cc it 148.0° 137.3°
10:47 ft 149.0° 137.8° Losing some of dist. as
10:53 *1 149.1* 138.5° it does not condense.
10:56 if 149.4° 139.0° Rate-£I drops in 30 sec
10:58 it 150.1° 139.5°
10:59 it 150.0° 139.5'
lliOl if 150.6° 139.5'
11; 04 it 150.9° 139.6'
n;06 3 16 cc ft 150.9° 140.2' Rate-14 drops in 30 seo
11:09 ft 151.3° 140.6°
11:11 IV 151.8° 141.2'
11:13 ft 151.9° 141.3°
11:16 If 152.6° 142.0°
11:17 ft 152.7° 141.9* Rate-6 drops in 30 sec.
11:23 ft 152.0° 141.8*
11:25 4 5 cc ft 152.7° 141.5° ti g ii n tt n
11:29 tf 152.6° 141.3° Only 5 cc. distilled in 
12 minutes.
SHARP BREAK.
Turned up flame.
11:32 ft 157.0* 144.0' Rate-33 drops in 30 sec
11:34 ft 159.8* 145.8*
11:35 ft 161.0' 146.5' Rapid distillation.
11:36 tf 161.2* 147.8°
11:37 tf 162.3° 149.3'
11:39 5 22 cc tf 163.8° 149.9* Rate-25 drops in 30 sec
11:42 ft 166.1° 151.2°
11:44 ff 168.0° 152.1* Evidently this fraction
11:46 ft 171.0° 153.0* is para.
11:48 ff 174.0° 153.8°
11:51 L_____— 1 If 175.0°: 155.4° . .. . . _
Table B
Redistillation of Fraction Bo. 1.
Time Fraction Yield Pressure Outside Inside Remarks.
lo. ----------------------------------------L Temp. Temp.
11:21 15.5 mm 140.0° 119.5° First drop came over
11:23 1(a) 3 oc 15.0 " 141.0° 123.0°
11:24 tf 141.8° 125.5°
11:25 ff 142.0° 126.7°
11:26 2(a) 3 H ft 143.0“ 127.7° Moderate rate of
11:28 Tf 143.0° 128.0° distillation
11:29 ff 143.5° 129.7°
11:30 3(a) 3.5 If ft 143.2° 130.6° Rate-16 drops in 30 sec
11:32 ft 142.4° 131.2“
11:35 ff 146.5° 131.0°
11:36 ff 146.2° 131.2° Fluctuating.
11:38 4(a) 1 tf ff 150.0° 131.8° Slow distillation.
11:40 tf 152.0° 131.5°
11:43 ft 153.0° 131.2° Sank once to 127 
Only 3-4 cc. left in 
flask.
Turned up flame.
11:45 5(a) 2 tf ft 178.0° 140.0°
Residue of 1-2 cc. left
1 - = 7 - l in flask.
Table C .
Redistillation of Fraction lo.. 2.
Time Fraction Yield Pressure Outside Inside Remarks.lo. Temp. Temp.
10:59 20.0 mm 157.0* 129.0° First drop came over
11:00 19.0 " 156.0° 131.1°
• 11:02 ff 155.5° 131.5° Slow distillation.
11:04 ff 156.0° 131.3° Fluctuating.
11:07 tf 154.3° 130.7°
11:09
1(b)
r» 154.0° 129.8° Rate-6 drops in 30 sec
11:12 9 co ft 155.0° 130.3°
11:15 rt 155.0“ 129.2° Fluctuating.
11:17 r» 152.0* 128.5°
11:19 17.5 " 153.0° 123.5°
11:23 ff 154.0° 127.7°
11:26 ff 153.0° 128.2° |
11:30 tf 154.0° 128.5* Fluctuating over a
11:33 * 154.5* 129.2° range of 3 degrees.
11:38 tf 158.0° 131.6°
Went away; in after­
noon found that back 
pressure had caused 
water to flow thru 
apparatus .
9:40 18.0 " 157.8° 129.5'
9:42 ft 156.5° 134.3* Rate-25 drops in 30
9:43
2(b)
ff 155.0° 133.9° seoonds.
9:44 10 11 ff 154.0° 133.5° Distillation is slower
9:46 ft 155.0“ 134.1*
9:48 • tf 155.8° 135.1°
9:50 tf 157.1* 135.7*
9:53
3(b)
ff 161.0° 137.1* Rate of distillation
9:54 5 " ff 161.4° 138.2* increases.
9:55 ft 164.0° 140.3°
9:56
4(b)
ff 164.5* 142.3°
9:57 2 " ff 165.0° 142.0° Flxiotuating.
9:58 ff 167.0° 143.0°
9:59 5(b) 1.5 " ff 169.8* 145.0°
Inside temp, sank be­
low 130° while out­
side temp, was above 
170°. nevertheless
no distillation; evi­
dently some higher 
boiling compound
J-------------------------------------- i
present.
xo
Table D.
Redistillation of Fraction Ho. 3.
Time
i . ..... .nzz
Fraction
Ho.
Yield Pressure Outside
Temp.
Inside
Temp.
[ ■ ■•■■ -- -- =
Remarks.
9:13 17 mm. 165.6° 125.5*
9:14 fl 166.2° 132.2* Distilling rapidly.
9:15 1(c) 4 ccJ 165.6* 132.1* Considerable bumping.
9:17 ft 166.7* 134.0* Rate-19 drops in 30 seo
9:18 If 167.8* 135.2*
9:19 ft 167.0° 135.5*
9:20 2(c) 3 11 ,f 166.2* 136.1°
9:21 Tf 167.0* 136.4* Temperature almost
9:22 166.2* 137.0* constant.
9:23 »1 167.1* 138.0° Rate-18 drops in 30 sec
9:24 3(c) 2 11 11 167.2° 139.5* Fluctuating.
9:26 i» 132.0*it 131.5°
9:27 it 165.6° 130.2* Practically stoppedit 134.0* distilling over.
9:28 n 129.5*
4(c) 2.5 " " 127.5*ft 170.5* 135.0° Turned up flame.
9:29 tt 181.0* 139.0*
9:30 ft 186.5* 142.5° Fairly rapid distilla­
9:31 ii 192.0* 145.8* tion.
9:32 it 198.0* 145.5*
left in flask- 0.5 cc.
19
Table E
Redistillation of Fraction Ho. 5
Time Fraction
Ho.
Yield Pressure Outside
Temp.
Inside
Temp.
Remarks.
9:59 15 mm. 156.0* Thermometer thread not
10:00 ft 163.0* 130.5* in sight; bumping;
10:01 1(d) 4  c c tt 164.0* 133.5“ admitted more air;
10: OE IT 165.0* 131.5* Couple cc. carried ove
mechanically.
10:07 16 mm. 164.0* 137.5*
10:09 ft 162.0* 137.8* Rate-21 drops in 30
10:11 n 163.5“ 137.8“ seconds.
10:12 2(d) 6 " ft 163.0* 138.1* Rate-19 drops in 30
10:13 tf 160.5* 138.2“ seconds.
10:15 t» 160.3* 137.4“
10:16 tt 162.0* 137.8*
it 162.4* 138.6*
10:17 if 162.9* 139.2°
10:19 tf 161.0* 138.6*
10:20 it 162.0* 138.7* Slow distillation.
10:23 tt 163.0* 139.2* Rate-5 drops per 30
10:24 3(d) 4  " it 164.0* 139.7* seoonds.
10:26 ft 159.0* 139.6*
10:28 tt 161.3* 139.4 *
10:31 tt 160.9* 136.2* Hardly any distilla­
10:32 ft 162.0* 140.2* tion.
10:33 tt 160.3* 140.4*
10:34 tt 160.1“ 139.8“ Rate-2 drops in 30 sec
10:35 tt 161.8* 140.3*
10:36 tt 162.3* 141.0°
10:38 4(d) 3 n tt 162.2* 141.8°
10:39 tt 159.8° 141.5*
10:40 tt 161.0° 141.3*
10:41 tt 162.3° 142.1°
10:42 tt 162.3* 142.3*:Rate of distillation
10:43 ft 162.0* 142.7* increases.
10:45 tt 160.2* 137.6* Rate-7 drops in 30 sec
10:47 tt 158.9° 138.3*
10:48 tt 160.0“ 127.0* Temperature falling.
10:49 tt 162.3* 141.0*
10:57 5(d) 4 " tt 161.0“ 138.0’
10:59 tt 163.0* 142.8*
11:02 tt 167.9* 145.0* Turned up flame.
11:04 tt 176.1* 147.2*
11:06 tt 179.0* 140.5* Turned up flame again
11:07 Tf 184.0* 147.9*
11:08 ft 189.0* 149.4*
11:09 ft 195.0* 157.0*
11:10 tt 198.0“ 159.4*
■i— ..........- ...............1
♦
-------- :X
Fraction Inside Temp. Pressure Dispersion Yield Refractive Index
1 131.0-135.7° 19 mm. 31.8 14 co 1.5304 at 24.5°
2 137.0-139.5° If 31.6 29 " 1.5313 at 25.0°
3 139.5-142.0° I I 31.4 16 " 1.5329 at 25.3°
4 141.9-141.3° rt 31.4 5 " 1.5340 at 25.3°
5
f;
144.0-155.4° ti 30.7 22 " 1.5363 at 25.1*
Lde Temp. Pressure Dispersion Yieia Refractive Index
0-125.5*
7il28.0*
71131.0*
2-131.2°
.40*
6ll31 .6* 
51135.7* 
1*-140.3°
5-142 .-0° 
0 ll4 5 .0 °
5-134.0* 
2 ll3 7 .0 # 
01139.5° 
0 ll45 .5 °
1131.5*
1138.6*
1140.2*
1142.1*
1159.4*
15 mm.r»
ri
t?
ft
17-19 mm
18 mm.
ft
IJ
ff
17 mm.n
ft
rt
15 mm.
16 " 
ff
tt
ft
32.3
32.3
32.5
32.1
31.6
31.1 
30.5
31.8
31.7
30.9
30.7
30.9
30.6 
30.8
30.6
30.7
3 cc 
3 "
3.5 " 
1 " 
2 "
9 "
10 "  
5 "
2 "
1.5 "
4
32
2.5 "
1.5340 at 17.8* 
1.5350 at 18.3*
1.5310 at 22.4° 
1.5316 at 22.4* 
1.5347 at 22.4* 
1.5362 at 22.0° 
1.5369 at 22.1°
1.5324 at 22.1* 
" 1.5342 at 22.5*
ff 1.5360 at 22.5' 
1.5379 at 21.7'
" 1.5363 at 22.7* 
" 1.5365 at 22.7* 
" 1.5370 at 22.8* 
” 1.5370 at 22.6* 
" 1.5376 at 22.5*
Siwoloboff? s  
Method
240-242.6 '
250.2-252.3* 
251.31251.9°
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